The present study was aimed to demonstrate the efficacy of a microbial consortium developed for recycling agro-residues generated in farmer's level. A consortium of four lignocellulolytic fungi for rapid and uniform decomposition namely; Pleurotus sps, Phaenerochaete chrysosporium, Aspergillums awamori and Trichoderma viridae were taken. All the fungi were developed at the Department of Agricultural Microbiology, University of Agricultural Sciences, Dharwad, Karnataka. A total of 2165 farmers participated from 12 Grampanchayats of Naragund taluk, Karnataka. In about 87 per cent of the cases studied the microbial consortium was very effective and the C: N ratio of the compost was 23: 1. Among the different crop residues the initial C:N ratio of 110: 1 and 128:1 while its decomposed product had C:N in the ratio of 23-26: 1 and 30-34: 1 for maize and cotton respectively. In case of layers of 8-9 inches of mixed crop the decomposition rate was so high that Patil et al.; CJAST, 37(6): 1-6, 2019; Article no.CJAST.52043 2 within 12 weeks 100 per cent substrate wast decomposed. It could be concluded that mixed crop residues in layers of20-24 cm when treated with compost cultures could produce a very good quality compost in less than 12 weeks which otherwise takes about 6-8 months for a satisfactory product to be obtained without the use of compost culture.
INTRODUCTION
Crop residues regarded as non-economical part of the farm produce are generated in large volumes both on and off farm after the harvest of crops. The accrued crop residues in India are generally used as fodder, as roof and thatch material, as mulch, in production of methane (biogas), preparation of compost and for mushroom production. Substantial portion of this is burnt both on and off farm, causing severe environmental problems. As appreciable amount of crop residue is also available as surplus there is a need to effectively recycle this back into farm land as an eco-friendly input that is so vital today to farming and economy in India [1] and other developing countries [2] . With increase in agriculture production the total crop-residue, the burnt crop residue and the surplus also increase. Ministry of New and Renewable Energy [3] estimated that about 500-550 Mt of crop residues [4] comprising of nearly 122 Mt of rice, 110 Mt of wheat, 71 Mt of maize, 26 Mt of millets, 141 Mt of sugarcane, 8 Mt of fibre crops (jute, mesta, cotton) and 28 Mt of pulses are generated annually of which nearly 91-93 Mt is burnt and about 140-141 Mt is available as surplus. Burning of one tonne of rice straw alone accounts for loss of 5.5 kg Nitrogen, 2.3 kg phosphorus, 25 kg potassium and 1.2 kg sulphur apart from the organic carbon. This indicates that the extent of nutrient lost due to residue burnt varies with the type of crop residue. This apart the heat generated from burning of crop residues results in elevated soil temperature that leads to death of beneficial soil organisms. Besides, severely affecting and reducing microbial population burning also reduces levels of N and C in the top 0-15 cm soil profile and thus severely results in degradation of soil, which is important for crop root development. The quantity of crop residue burnt in India within each state (Table. 1) is known to vary [5] . The state of Uttar Pradesh has the highest quantity of cropresidue produced, burnt and surplus, while, in Karnataka state , annually around 33.94 Mt of crop residue is generated of which about 5.66 Mt is burnt and 8.98 Mt is a surplus.
The National Policy for Management of Crop Residue (NPMCR) emphasizes on control of burning crop residues, to prevent environmental degradation and loss of soil nutrients by promotion of in-situ management and diversified use of crop residues. The top most strategy of this policy is to promote technologies for optimum utilization and in-situ management of crop residue to prevent loss of invaluable soil nutrients, minerals and to improve general soil health. Decomposition of crop residues and recycling nutrients in the form of farm yard manure (FYM) and or compost is a classical approach that has been in practice since a long time. Relatively slower rate with which this process occurs, difficulty in controlling factors that regulate it along with non-uniform degradation of agro-residues have been serious bottleneck in widely adopting this method. Microbial cultures are available for enhancing rate of decomposition of selective agro-residues such as coir from coconut [6] , sugarcane trash and bagasse, maize stover, saw dust, palm tree waste [7] , etc,. In most of them single or a group of microorganism either indigenous or added externally has been effective for specific crop residue. However, validating the efficacy of a microbial consortium for its effectiveness in recycling a wide array of crop residues under field conditions in India appears to be limited. Participation of farmers in such studies will not only influence the execution of field study but also helps in the spread of results obtained. Studies based on farmers participatory approaches can provide vital inputs for designing a technology for large scale adoption and provide inputs for research. Based on these principles a large scale demonstration of efficacy of a microbial consortium for recycling agroresidues generated at farmers level was initiated under Swachha Bharat Andolan during the year 2015-16.
MATERIALS AND METHODS
A consortium of four lignocellulolytic fungi named compost culture for rapid and uniform decomposition containing; Pleurotus spp., Phaenerochaete chrysosporium( Accession No. MF196240), Aspergillums awamori and Trichoderma viridae( Accession No. MF196239), developed at the department of Agricultural Microbiology, University of Agricultural Sciences, Dharwad, Karnataka state were used as the lignocellulolytic fungi. The pure cultures of each lignocellulolytic fungus was maintained on potato dextrose agar (PDA) containing 20 gL -1 of dehydrated potato dextrose (HiMedia) and 15 gL -1 agar-agar. A loopful of the pure culture of each fungus was transferred to 100 ml potato dextrose broths (PDB) prepared by dissolving 20 gL -1 of dehydrated potato dextrose (HiMedia) in 250 ml capacity conical flask and incubated at 30+ 1ºC in an incubator to build initial inoculum for mass multiplication of each lignocellulolytic fungus separately. The growth of fungal mat was observed and the sets were allowed to grow until the fungal mat covered the entire surface on PDB.
The time taken to reach this stage however differed among the four lignocellulolytic fungi. Aspergillums awamori and Trichoderma viridae were fast growers compared to the other two fungi. Since, the lab routinely multiplies these fungi on continuous basis, staggered multiplication of these fungi is a common process for mass production. After obtaining the requisite growth in 250 ml flasks the entire inoculum was transferred to sterile 3000 ml PDB broth in 5000 ml capacity culture bottles in laminar air flow and incubated at 30+ 1ºC until each fungus grew in it and covered the entire surface as a thick mat. The contents from each culture bottle was transferred to sterile plastic beaker 5000 ml capacity and agitated using a blender until all growth was broken to a culture with uniform consistency. In the routine protocols followed for mass production of lignocellulolytic fungi, the number of infective propagules in each culture developed this way has a population of 5-8 x 10 9 colony forming units per ml. This culture was mixed with lignite (115 micron size, pH 7.3 to 7.8) as carrier material in the ratio of 1 part of culture to 2.5 parts of lignite in a stainless steel (SS304) tray of 75 cm 150 cm. The contents were mixed uniformly by hands and 250 gm of this was weighed into polypropylene bags 50 micron gauge 15 cm x 20 cm size and sealed using a thermo sealer. Four packets each containing 250 g of one of the lignocellulolytic culture were again packed into 1kg capacity packing metalize pouches (Thickness : 12mic PET + 12mic MET + 50mic Poly and supplied to farmers.
Selection of Farmers
The administration of Naragund taluk along with CEO and staff of panchayats were involved in selecting 2165 farmers covering 12 Grampanchayat and distribution of the culture to the beneficiary farmers. The compiled list of beneficiaries under each Grampanchayat is presented in Table 2 .
Demonstration of Technology
Two rounds of demonstrations were conducted. The first was involving the team of Grampanchayat officers and workers on procuring, handling, storage, distribution and application of the compost culture. The second level of training was to demonstrate the method of using compost culture at farmers field and or back yard and application of compost culture in a chosen location under each Grampanchayath.
Demonstration involved recovering four packets of lignocellulolytic fungi each weighing 250 gram from a packet provided to farmers, mixing with water and wherever possible adding cow dung and applying it over crop residues available with farmers. Farmers were also educated on adding adequate moisture to crop residue prior to application and post application so as to enhance the rate of decomposition. Similarly, the provision for providing adequate aeration wherever required and mulching with dry stover to prevent the loss of moisture was explained while demonstrating the technology. The cropresidues in this study could be categorised into three predominant groups; maize based (having more than 2/3 portion of maize stalk), Cotton based (having more than 2/3 portion of cotton stalk) and Mixed (with no definite proportion of crop residues). Representative samples from each group were collected to assess the carbon: nitrogen (C:N) ratio in them. Farmers were educated on the advantages of mixing different crop residues and also on treating crop residues with compost culture containing a consortium of lignocellulolytic fungi. The compost culture in our previous studies was more efficient when each 20-24 cm layer of crop residue was treated with it. The consortium of lignocellulolytic fungi was applied at the rate of 1kg per ton of crop residues. From one kg packet supplied to farmers four packets of lignocellulolytic fungi each weighing 250 g were collected and the contents of them were poured into a 12-14 liters of water collected in plastic buckets one after the other with constant stirring. The resultant was a dark coloured slurry of compost culture ready to use. Using plastic mugs the culture was uniformly spread on the crop residues covering each layer. Wherever the crop residues were in heaps or pits the residue was levelled and compost culture was applied on all possible sides. Similarly, culture was poured into holes made into the heap or pit using a sharp end wooden pole in order to inoculate greater mass of crop residues. Farmers were asked to cover the treated residues with dry straw, litter, dried coconut frond, etc., available with them to prevent loss of moisture. Farmers were also educated on adding adequate moisture to crop residue inoculated with lignocellulolytic fungi as the local temperatures were increasing, showing symptoms of approaching summer. This was also needed to enhance the rate of decomposition. Similarly, the benefits from providing adequate aeration wherever required especially in compost pits and mulching with dry stover to prevent loss in case of heap method was explained while demonstrating this technology. In this farmers participatory programme 7000 kilograms of compost culture was distributed and used by 2165 farmers. A team of scientists undertook a follow up study to evaluate the impact of consortium of lignocellulolytic fungi applied to recycle crop residues using farmer's participatory approach. The efficacy of the compost culture was assessed after visiting the demonstration units and randomly assessing the extent of decomposition. A total of 23 demonstrated sites covered under 7 Grampanchayat were assessed randomly. The quality of compost in terms of carbon: nitrogen (C:N) ratio, physical appearance, colour, odour, etc., was documented.
RESULTS
Out of the total 23 farmers visited and subjected for assessment, 16 farmers (nearly 70 per cent) had very good compost with high quality, while in case of four farmers (17. 4 per cent) the process was satisfactory and with three farmers (13 per cent) the process and the product were not satisfactory. In about 87 per cent of the cases studied the microbial consortium was very effective and the C: N ratio of the compost was 23: 1. The C:N ratio of compost with satisfactory quality was 28: 1 and that with unsatisfactory group was 36-38: 1 (Table 3 ). Among the different crop residues those with maize based had an initial C:N ratio of 110: 1 while its decomposed product had C:N in the ratio of 23-26: 1. In case of cotton stalk based residue the ratio was 128:1 initially and the C:N ratio of the compost from it was 30-34:1. With respect to the mixed crop residue which also had mixed cattle shed wastes the initial C:N ratio was 86:1, while the ratio of its compost was 22:1. Among the other parameters studied the process and the product was highly efficient with mixed crop residues especially when the crop residues were piled in layers of 20-24 cm and the compost culture was uniformly applied to each layer. The decomposition was very rapid within 12 weeks with 100 percent substrate being uniformly composted by this system. The general yield of the compost was about 50 per cent of the weight of crop residues (w/w) in the group with good to satisfactory process. The decomposed material was dark, light weight and without any bad odour in this group indicating its superior qualities. The mixed crop residues were also having cattle waste especially cow urine and cow dung in very small proportion along with other crop residues. Consequently, relatively narrower C:N ratio and higher ability to retain moisture in this residue could have favoured higher rate of decomposition due to quicker establishment of lignocellulolytic fungi. This was evident from the quality of compost obtained from this residue as compared to others. Besides, having layers of residues in 20-24 cm, crop residues were cut to achieve the size and shape of heap must have facilitated greater moisture retention providing higher surface area of the substrate for microbial decomposition. Also as the consortium was applied to each layers in this system establishment and spread of lignocellulolytic fungi to all parts of residues must have been more effective. With possibility of better aeration in this system the rate of decomposition was found to be rapid and uniform. In India programmes to demonstrate usefulness of microbial cultures in recycling agro-residues are scarce although technologies to recycle specific agro-residue such as coir [6] , palm tree waste [7] are being recommended scientifically. Therefore, the results obtained from this large scale study is a validation of efficiency of lignocellulolytic fungi as observed under laboratory and controlled conditions. It could be concluded that mixed crop residues in layers of 20-24 cm when treated with compost cultures could produce a very good quality compost in less than 12 weeks which otherwise takes about 6-8 months for a satisfactory product to be obtained without the use of compost culture. Good quality compost is a high value input in Indian agriculture [8] . 
CONCLUSIONS
The Grampanchayath officials and the participating farmers felt that the compost culture developed by University of Agriculture Sciences, Dharwad was an effective tool for the rapid recycling of organic residues in a short time and the process also brought aesthetic beauty to Naragund taluk.
